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P r o t e c t i o n  Branch Report o f  Test No. 8-64 

S t e r i l i z a t i o n - o f  N a t u r a l l y  Contaminated Metal Surfaces 
With Dry Heat 

prrvleus s tud ies  i n  these Laborator ies have shown e l e c t r o n i c  
components and p o t t i n g  compounds t o  be f requen t l y  contaminated 
i n t e r n u l l y ,  thus r e q u i r i n g  some s t e r i l i z a t i o n  treatment i f  they + 

a r e  t o  be used i n  the cons t ruc t i on  of an i n t e r p l a n e t a r y  space- 
c r a f t .  
a spececraf t  o r  i t s  components i t  was apparent t h a t  on l y  d ry  heat, 
could $g QQpsidered s ince mois ture can not penetrate seitled maa~rle\s. 
Dry he@t, hw(vgf., i s  much less e f f e c t i v e  than moist  heat, fhe 
usual prncfjsp i s  tq  expose a r t i c l e s  f o r  something l i k e  four ha 
a t  160" C as eempaFed t o  about 20 minutes a t  125" C f o r ' m o i s t  heat, 
A t  lower temperatuf-es d r y  heat s t e r i l i z a t i o n  exposure t imes are of 
such length t h a t  they were considered imprac t i ca l  f o r  rnutlne 
i n  ' l abo ra to r l@§ 3,nd Gonsequently few s t e r i  1 i z a t i o n  s tud ies  have 
been conducted algng t h i s  l i n e .  Not a l l  e l e c t r o n i c  components can 
withstand 168' G .  however, so i t  then became important to determine 
the  minimum temperature f o r  s t e r i l i z i n g  under d r y  condi t ions,  even 
i f  i t  necessltagas q u i t e  long exposure times. 

When heat was f i r s t  suggested as a technique f o r  s t a r l l i z l n g  

0 

One rur;mvn ded value f o r  d r y  heat s t e r i l  i z a t i o n  repor ted In 
t he  l i t e r a t u r e  I? waq fQr overn ight  exposure, o r  longer, a t  121" C .  
There Is l f t t f e  p o i p t  i n  t e s t i n g  temperatures much lawer than t h i s  
since, even l l g  the presence o f  mois ture some the rmoph i l i c  b a c t e r i a  
can s u r v i v e  temgeratuws exceeding 100' C. 

' 

l i t t l e  In formst Ian appearing i n  the l i t e r a t u r e  and a few labo ra to ry  
t e s t s  21 125' I; f o r  24 hours was recommended as a t e n t a t i v e  set  of 
cond l t l ons  for  sterilization and i t  was suggested t h a t  immediate 
e f f o r t  be undertaken t o  gather f u r t h e r  experimental da ta  on this 
subject .  Accordlngly, I n  the s p r i n g  of 1961 the  Nat ional  Aeronaut ics 
Space A d m i n i s t r a t i o n  contractgd w i t h  the Wilmot Cast le  Company t o  
co l l ee t ,  such Informst ion,  
s t u d i e s  21, they found e w e s  where h e a v i l y  contaminated s o i l s  were 
not  s t e r i l e  a f t e r  exposlng t o  125" C f o r  24 hours. Accordingly,  
higher.temperatures have been proposed, among them 135" C f o r  24 
hours . 

a. 

On the bas i s  o f  the 

I n  the  conduct o f  the Wilmot Cast le  
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The t ime requ i red  t o  s t e r i l i z e  any ob jec t  under a g iven se t  of 
cond i t i ons  w i l l  depend on t h e  number of v i a b l e  microorganisms which 
must be destroyed, t h e i r  n a t u r a l  resistance, end t h e  p r o t e c t i o n  a f -  
forded them by  extraneous ma-kerial. 
es t imate  on t h e  f i r s t  po int ,  a r e e n t  study 
Laboratory  t o  determine- the  l e v e l  o f  mic-robial contaminat ion t h a t  
accumulates on surfaces f r o m  a e r i a l  f a l l o u t  and a l so  f rom handl ing.  
I n  essence t h i s  study revealed that t h e  number o f  microorganisms t h a t  
would c o l l e c t  on a spacecraf t  d u r i n g  asse b l y  i s  several  orders o f  
magnitude less  than estim& p rev ious l y  !( About 100 organisms o r  
less  per  square inch were c o l l e c t e d  a f t e r  one month exposure and t h e  
number d i d  no t  con t inue t o  increase when the  exposure was extended t o  
th ree  months. A second study i s  now i n  progress t o  o b t a i n  s i m i l a r  
i n fo rma t ion  under c lean room cond i t ions .  These s tud ies  were run on ly  
t o  determine the ex ten t  t o  which surfaces become contaminated and no 
at tempt was made t o  s t e r i l i z e  the  n a t u r a l  contaminat ion by heat o r  
o the r  means. 

I n  o rder  t o  o b t a i n  e reasonable 
was undertaken by t h i s  

No e f f o r t  was made t o  determine the  n a t u r a l  res is tance o f  t h e  
microorganisms, t h e  second p o i n t  mentioned above. The amount o f  
extraneous mat te r  on a spacecraf t  i s  undoubtedly very small  so t h a t  
w h i l e  soi l  does a f f o r d  some p r o t e c t i o n  t o  microorganisms from the  
l e t h a l  e f f e c t  o f  heat i t  i s  probably not a d e s i r a b l e  media i n  which 
t o  conduct t e s t s  fo r  the  purpose o f  s e l e c t i n g  a r e a l i s t i c  t ime- 
temperature combinat ion f o r  spacecraf t  s t e r i l i z a t i o n .  
p rev ious  heat s t e r i l i z a t i o n  s tud ies  were conducted on a r t i f i c a l l y  
contaminated sur faces M r .  L.B. H a l l  of  NASA headquarters requested 
a b r i e f  t e s t  t o  determine whether t h e  n a t u r a l l y  contaminated sur -  
face  i s  r e a d i l y  s t e r i l i z a b l e  by heat ing  a t  135" C f o r  24 hours. 
The r e s u l t s  o f  t h i s  study are  repor ted here in.  

Since a l l  

MATERIALS AND METHODS 

Two r e p l i c a t e  t e s t s  were conducted d u r i n g  summer by p l a c i n g  
s t e r i l e  s t a i n l e s s  s t e e l  s t r i p s  ( 1  x 2 inches) i n  a h o r i z o n t a l  
p o s i t i o n  on a c lean decontaminated s h e l f .  The s h e l f  was about f i v e  
f e e t  above t h e  f l o o r  i n  a small  room i n  a non-a i rcondi t ioned chemical- 
b i o l o g i c a l  labora tory  b u i l d i n g .  Th i r teen s t a i n l e s s  s t e e l  s t r i p s  used 
f o r  each t e s t  were exposed t o  room a i r  f o r  33 days. The r e p l i c a t e  
t e s t s  were i n i t i a t e d  one week apart ,  so for  26 days the  exposures 
co inc ided.  From each test ,  t e n  s t a i n l e s s  s t e e l  s t r i p s  were subjected 
t o  d r y  heat a t  135" C w h i l e  the  remaining th ree  s t r i p s  were assayed 
t o  determine the  number o f  v i a b l e  microorganisms present on t h e  un- 
heated samples. F i v e  s t r i p s  from each t e s t  were heaged a t  135" C 
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f o r  12 hours and f i v e  at 135" C f o r  24 hours. 
t he  hea t ing  per iod,  each s t r i p  was placed i n  a separate f l u i d  t h i o -  
g l y c o l l a t e  medium b lank and- then incubated a t  37" C f o r  seven days 
before checking f o r  s t e r i l i t y .  The unheated s t r i p s  were placed i n  
separate 50 m l  s t e r i l e  d i s t i l l e d  water blanks and shakenB F o r t y -  
f i v e  m l  o f  t he  unheated sample were assayed by the pour p l a t e  method 
f o r  v i a b l e  microorganisms; 30 m l  of t h i s  were used f o r  the numeration 
of aerobes and 15 m l  f o r  the numeration of anaerobes. The aerobes 
were c u l t u r e d  i n  t r y p t o s e  agar a t  25" C f o r  48 hours and the anaerobes 
were c u l t u r e d  i n  t h i o g l y c o l l a t e  agar a t  37" C f o r  48 hours. 

Immediately f o l l o w i n g  

RESULTS AND DISCUSSION 

Table I shows t h a t  almost 1000 microorganisms were recoverad from 
a Sta in less  s t e e l  s t r i p  (approximately 5OO/sq i n )  a f t e r  exposure t o  
room a i r  f o r  33 days. None o f  the s t a i n l e s s  s t e e l  s t r i p s  exposed to 
135" C f o r  12 hours o r  f o r  24 hours conta ined any v i a b l e  micrqopganisms 
as evidenced by the l ack  o f  m ic rob ia l  growth a f t e r  seven day% Incubat ion 
i n  f l u i d  t h i o g l y c o l l a t e  medium. A f t e r  the seven day incubat ion pe r iod  
b r o t h  samples i n  which t h e - s t r i p s  had been placed a l l  supported 
b a c t e r i a l  growth when about 100 spores of B a c i l l u s  s u b t i l i s  vat- n i q e r  
were d e l i b e r a t e l y  introduced. 

The number and type o f  v i a b l e  microorganisms on a sur face a t  
any s p e c i f i c  t ime va r ies  conslfderably. I n  these t e s t s  a somewbet 
h ighe r  number o f  organism 
p r e v i o u s l y  reported work & Almost a1 1 of the microorganisms recovered 
were aerobes, w i t h  spore-forming b a c t e r i a  the most predominant type, 
j udg ing  from v i s u a l  observat ions o f  c o l o n i a l  format ion.  

/ 

was recovered from the surfaces than i n  the 

Although one cannot say c a t e g o r i c a l l y  t h a t  based on the  r e s u l t s  
repor ted herein, a spacecraf t  can be s t e r i l i z e d  by hea t ing  t a  135" C 
f o r  24 hours, t he  d a t a - g r e a t l y  support t he  choice o f  t h i s  t ime- 
temperature combination its- adequate, p a r t i c u l a r l y  i f  care i s  taken t o  
keep the spacecraf t  c lean du r ing  assembly. 
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b Table 1 .  

Recovery of Microosganisms From Unheated and Heated Sta in less  Steel  
S t r i p s  A f t e r  Exposure t o  Room A i r  f o r  33 Days 

il nhea t ed 

Microorqanisms/Str ip (2 s q  i n )  

Aerobes Anaerobes 
Test I Molds Bac ter ia  J o t a l  

1 170 82 0 990 0 

2 540 41 0 950 3 

- Heated a t  1 3 5 2  

rn 12 Yours 24 Hotirs 

1 0 0 

2 0 0 

Note: Eack e r t r y  i s  an average o f  th ree  t o  f i v e  determinat ions.  


